INTRODUCTION
Cancers arising in the head and neck comprise a heterogeneous group of malignancies. The annual burden of new head and neck cancers in the United States collectively exceeds 100,000, and the upper aerodigestive and thyroid gland cancers by themselves accounted for an estimated 85,000 new cases in 2009. 1 Surgery figures prominently in the curative management of the majority of patients with these cancers. Because spread of disease to the lymph nodes of the neck is frequent, neck dissection is commonly necessary. Various types of neck dissections exist, which vary in their extensiveness, and dissections are most simply classified as either comprehensive or selective. 2 Classic radical neck dissection is an example of the former. Among the structures removed are the lymph nodes from the submandibular triangle, along the internal jugular vein, and in the posterior triangle (levels 1 to 5); the sternocleidomastoid muscle; the internal jugular vein; the spinal accessory nerve (cranial nerve XI); and the submandibular gland on one side of the neck.
The removal of the spinal accessory nerve leads to shoulder problems, characterized by shoulder droop, winged scapula, weak abduction, inability to shrug, and a dull ache with pain localized to the shoulder. Even dissection with preservation of the nerve may lead to sequelae. As such, complaints of neck or shoulder pain and dysfunction are common in 30% to 70% of patients after classical radical neck dissection, depending on how symptom severity is defined.
3-5 Quality of life and employability also may be adversely affected. 6 Less extensive procedures, such as modified radical neck dissections that spare the spinal accessory nerve or other structures, decrease the likelihood of such difficulties but do not
JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T
prevent them entirely. [7] [8] [9] [10] [11] [12] [13] Indeed, patients experience symptoms and dysfunction after neck dissection, even after selective procedures, that cannot be entirely attributed to physical damage to the spinal accessory nerve. [14] [15] [16] Although physical therapy exercises and anti-inflammatory drugs are widely prescribed to address the pain and shoulder dysfunction after neck dissection, their efficacy is often disappointing or incomplete. Extensive searches of MEDLINE and the Cochrane Controlled Trials Registry located only one controlled trial specifically examining this condition, and that trial compared progressive resistance exercise training versus a more standardized therapeutic exercise approach for 12 weeks, reporting superior outcomes with the former. 17 Acupuncture is a safe and well-tolerated treatment, and clinical research from randomized controlled trials supports its efficacy for the treatment of acute and chronic pain.
18-20 Understanding of the physiologic basis for this efficacy is growing. [21] [22] [23] Of particular interest to patients suffering from pain and dysfunction after neck dissection are modern randomized trial studies that evaluated the efficacy of acupuncture for neck and shoulder pain attributed to etiologies not related to malignancy or its treatment. In these settings, acupuncture was associated with significant improvement in pain, [24] [25] [26] [27] [28] [29] and some studies also demonstrated an improvement in function.
24,25 Of note, in three studies, a sham acupuncture arm was included. 24, 27, 29 We report here the results of a randomized trial of acupuncture versus usual care to treat pain and dysfunction after neck dissection for cancer. In addition, an exploratory assessment of acupuncture as a treatment for xerostomia, or extreme dry mouth, was incorporated into the design of the study because dry mouth from adjunctive radiation therapy is a frequent, well-recognized treatment sequelae in this population. The application of newer, targeted radiation techniques is able to decrease post-treatment xerostomia compared with conventional radiation but does not eliminate the problem. 30-32 Available therapies for xerostomia have modest efficacy and adverse effects [33] [34] [35] ; preliminary data suggest that acupuncture may alleviate these symptoms.
36-38

PATIENTS AND METHODS
Study Design
The primary objective of the study was to determine whether acupuncture reduces pain or dysfunction in patients with cancer with a history of neck dissection. The secondary objective was to determine whether acupuncture relieves dry mouth in this population.
The study was a prospective, open-label, randomized controlled trial. Random assignment was stratified by neck procedure type (selective, modified, or radical) and baseline Constant-Murley score (Ͼ 35 v Յ 35) 39 using blocks of random length. Random assignment was implemented via a secure computerized database, ensuring full allocation concealment. Patient accrual and treatment occurred from 2004 to 2007. Cross over to the acupuncture arm was allowed for the control group after final study assessments were obtained. The study protocol was approved by the Institutional Review Board at Memorial Sloan-Kettering Cancer Center (MSKCC).
Trial Sample
All patients had undergone neck dissection for cancer; expressed complaints of pain and/or dysfunction in the neck and/or shoulders that the investigator attributed to neck dissection; were at least 3 months since neck dissection and radiation; and had moderate or severe pain and dysfunction (Constant-Murley score Յ 70). Patients were excluded if they had received acupuncture in the previous 6 weeks. All participating patients signed informed consent.
Potentially eligible patients were identified primarily by review of the MSKCC Head and Neck Surgical Service database. A patient was mailed a recruitment letter after potential eligibility was confirmed with the responsible clinician. Participants were also identified through direct referral to the study and self-referral in response to posted flyers and information on the MSKCC Web site.
At baseline, the following information was recorded for each trial participant: demographic data; histologic diagnosis; pain medication use (yes/no) and quantitation of use using the Medication Quantification Scale
40
; type of neck dissection; and type of radiation with dosing details. Baseline values for the following outcome measures were also obtained (see Outcome Measures): the Constant-Murley score, modified Constant-Murley score, Numerical Rating Scale of Pain, 41 and Xerostomia Inventory. 42 The Numerical Rating Scale of Pain and Xerostomia Inventory were completed twice, 7 days apart within 1 week of random assignment, and averaged, both to obtain a more accurate estimate of baseline scores and to increase the efficiency of subsequent statistical analyses. 43 The timing of these assessments is summarized in Table 1 .
Study Interventions
Patients were randomly assigned to acupuncture once a week for 4 weeks versus usual care. Part way through the study, it became apparent that some study participants would not return to complete their final outcome assessments. To enhance compliance, a fifth acupuncture treatment was added, but patients continued to have their final outcome assessments after the fourth treatment but before the fifth.
Acupuncture needles were placed at both standard and customized anatomic points. This allowed the acupuncturists to modify the acupuncture point prescription based on each patient's pain and its location, with the intent of optimizing efficacy while facilitating reproducibility. Standard distal points (LI-4, SP-6, GV-20, luozhen, and auricular shenman) were used in all patients and were chosen on the basis of their classical function. LI-4 is used for pain of the face and neck. SP-6 and GV-20 cross major channels and are used to harmonize the organs and remove obstructions from these channels. Luozhen is an extra point to treat stiffness of the neck and shoulder. Auricular shenmen is traditionally used to calm and to relieve pain. The customized points selected included zone distal points (front, middle, and back) chosen according to the primary zone(s) of pain; local ashi tender points with the greatest sensitivity to palpation pressure; and bilateral point LI-2 in patients with dry mouth. The total number of acupoints (needles) used ranged from a minimum of eight points (14 needles) to a maximum of 26 points (39 needles).
Needles were inserted using the traditional Chinese medicine acupuncture technique at a depth of 0.25 to 0.5 inches and retained for 30 minutes. Needles were stimulated manually, but because the sensitivity of acupuncture points may vary especially after surgery, no specific de qi response was elicited. Sterile, stainless steel, single-use, filiform needles (0.20 ϫ 30 mm in width) manufactured by Seirin (Shizuoka, Japan) were used. All treatments were performed at the MSKCC Integrative Medicine Center by staff acupuncturists, all of whom had at least 3 years of formal postgraduate training in traditional Chinese medicine, were certified by the National Commission on Certification Usual care entailed no specific treatment, physical therapy, analgesia, and/or anti-inflammatory drugs, per patient preference or physician recommendation. The decision to use a pragmatic control reflected the following factors. A specific active treatment control seemed unwarranted because the efficacy of standard treatment in this setting is not well established. Because acupuncture already had been shown to be superior to placebo in the treatment of neck and shoulder pain of other etiologies, 24,27,29 the need for a placebo control was unclear and posed added logistical burdens to patients, which may have adversely affected a patient's willingness to participate. Standards for Reporting Interventions in Controlled Trials of Acupuncture were followed.
44
Outcome Measures
The primary outcome measure was a composite score of pain, function, and activities of daily living provided by the Constant-Murley instrument (score of 0 to 100; lower score indicates poorer outcome). 39 The four subscales are pain (15 points), activities of daily living (20 points), pain-free range of motion (40 points), and pain-free power (25 points). The scale has low levels of observer error, is often used as a gold standard against which other shoulder instruments are measured, shows good responsiveness, 45, 46 and was successfully applied in a prior randomized trial of acupuncture for shoulder pain. 24 To facilitate a sensitivity analysis, we also scored a modified version of the Constant-Murley instrument, in which items are not scored if restrictions are unrelated to pain (eg, as a result of scarring or fibrosis). The final score is calculated by dividing the score by the maximum possible on scored items and multiplying by 100. Constant-Murley scores were assessed by a researcher who was unaware of the patient's treatment allocation.
In addition, a Numerical Rating Scale of Pain on activity was completed. This scale consists of an 11-point scale (0 to 10) marked with "no pain" and "worst pain" at either end. 41 The focus was on pain experienced when using the shoulder. The scale gives scores comparable to those of a visual analog scale but allows for third-party assessment.
47,48
The secondary end point of dry mouth was assessed using the Xerostomia Inventory, a validated questionnaire 42 that has been used to assess dry mouth in cancer populations. 37 It includes 11 questions, with responses ranging from 1 (never) to 5 (very often). The questionnaire was slightly modified for American use. For the study, total scores were normalized to a score of 100.
Both the Numerical Rating Scale of Pain and the Xerostomia Inventory were completed by the patient who was not blinded to treatment arm. The timing of assessments during and after completion of treatments is summarized in Table 1 . As was the case at baseline, the Numerical Rating Scale for Pain and Xerostomia Inventory were obtained twice in successive weeks, and the average value was used.
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Sample Size
On the basis of raw data for the Constant-Murley score obtained from the authors of the Kleinhenz et al 24 study of acupuncture for shoulder pain, the standard deviation for the post-treatment score was 19.5 and the correlation between pre-and post-treatment score was 0.55. Given these data, we estimated that 58 evaluable patients would be needed for an 80% power to detect a difference between groups of 12 points on the Constant-Murley scale.
Statistical Analysis
All analyses were conducted using Stata 9.2 (StataCorp, College Station, TX) and were based on the intent-to-treat principle for all patients who had evaluable outcome data. Between-group comparisons of post-treatment Constant-Murley, pain, medication, and xerostomia scores were conducted by analysis of covariance with group, baseline score, and type of surgical procedure (selective, modified radical, or radical neck dissection) as covariates. To evaluate the impact of missing follow-up data on our findings, we conducted multiple imputations using the ice command in Stata. In our first model, we used treatment allocation, age at random assignment, baseline Constant-Murley scores, and all pre-and post-random assignment pain scores as predictor variables. We conducted a second analysis to adjust for missing data excluding treatment allocation as a predictor, under the conservative assumption that treatment had no effect in patients with missing data. We stratified the xerostomia analysis by adding as a covariate the following baseline characteristics of radiotherapy history: intensity modulated versus conventional radiotherapy; total radiation dose delivered to the parotids; time since final dose of radiation; and primary site of radiation.
RESULTS
The Consolidated Standards of Reporting Clinical Trials (CONSORT) flowchart for the study is provided in Figure 1 . 49 The majority of enrolled patients responded to recruitment letters. A total of 58 randomly assigned patients (28 patients assigned to the acupuncture arm and 30 patients assigned to usual care) were evaluable for the primary end point. Table 2 lists the baseline characteristics for these 58 individuals. Chance imbalances between treatment arms included a higher proportion of women (46% for acupuncture v 23% for control) and somewhat poorer Constant-Murley scores (41.9 for acupuncture v 48.1 for control) among acupuncture patients. For controls versus acupuncture patients, the use of any type of pain medication before enrollment was more common among controls (53% v 14%, respectively), although scores for the Medication Quantification Scale (5.6 v 2.1, respectively) and Numerical Rating Score of Pain (5.9 v 5.6, respectively) were more similar.
Characteristics of oncologic treatment, as listed in Table 3 , were well balanced between the groups. All but seven patients (two in the acupuncture arm and five in the control arm) received radiation.
During the study, we tracked the supplemental use of other complementary therapies (such as massage), rehabilitation, or other exercise programs. Twelve patients (40%) on the control arm pursued such options, whereas 20% of patients on the acupuncture arm pursued these options.
The trial's principal results are listed in Table 4 . Acupuncture was significantly superior to control for all outcome measures. For the main end point, acupuncture patients scored 11.2 points higher than controls on the Constant-Murley scale (95% CI, 3.0 to 19.3; P ϭ .008). Xerostomia Inventory scores also significantly improved. Adjusting for missing data by multiple imputation had little effect on our results.
Because patients were not blinded to treatment arm, we reanalyzed the Constant-Murley data limiting our analysis to those components of the scale that lend themselves to more objective assessment (ie, range of motion and power; data on the pain and activities of daily living subscales were excluded because these seem more susceptible to possible biased reporting by unblinded trial participants). The difference between groups was of a similar magnitude (10.1 points) and remained significant (P ϭ .037), favoring the acupuncture arm.
Medication use decreased in both groups during the study. The Medication Quantification Scale scores decreased from 5.6 to 4.5 in control patients and from 2.1 to 1.3 in acupuncture patients. However, the observed differences in medication scores between groups were not statistically significant (P ϭ .4).
Numerical Rating Scale scores of pain over time are shown in Figure 2 . A general estimating equations approach showed a statistically significant interaction between time and acupuncture (P Ͻ .001), supporting that pain scores diverge between groups over time as a cumulative effect of acupuncture treatment.
In preplanned exploratory analysis, we saw no modification of acupuncture effect by either baseline Constant-Murley or procedure type (P Ͼ .2 for all analyses). As a post hoc analysis, we adjusted for the large difference between groups in baseline medication use. There was no material effect on our findings (adjusted difference between means ϭ 13.1; 95% CI, 4.1 to 22.2; P ϭ .005). In an interaction analysis, we did see evidence that acupuncture was more effective in patients taking medication at baseline (P ϭ .034).
No serious adverse events were attributed to acupuncture. Twenty-seven minor events were noted on study. The most common included temporary increased pain, minor bruising or bleeding, and constitutional symptoms.
DISCUSSION
Although shoulder pain and dysfunction are common sequelae of neck dissection, 3-5 especially when the spinal accessory nerve is removed, 7, 9 there is a lack of consistently effective treatment. As such, the quality of life and employability of these patients are adversely affected. 6, 8, 11, 13 Most of the customary treatment approaches have not undergone assessment in a controlled trial in this setting.
Acupuncture is well suited to fill this void. It is a relatively safe, inexpensive treatment modality with few adverse effects, demonstrated to benefit acute and chronic pain. [18] [19] [20] Scientifically rigorous studies have shown benefit in neck and shoulder pain of other etiologies, 24-29 as well as improvement in function.
24,25
For our control arm, we opted for a pragmatic rather than a placebo control. A pragmatic control arm has the advantage of providing an estimate of effect size most consistent with the questions of greatest interest facing patients and clinicians. These questions include: What effects will an acupuncture referral have on a patient's pain, and will the patient use less pain medication as a result? One disadvantage of a pragmatic comparison of acupuncture with usual care concerns lack of blinding and potential placebo effect. It has been estimated that trials without double blinding exaggerate odds ratios by 17%. 50 To address these issues in part, our primary outcome measure, the Constant-Murley scale, was assessed by a third party who was blinded to treatment assignment, and we analyzed separately those components of the Constant-Murley scale that lent themselves to more objective assessment.
Xerostomia is a common and troubling adverse effect of radiation to the head and neck. Our results are consistent with those noted in selected reports, 36-38 as well as those reported by Deng et al 21 in their analysis of differences on functional magnetic resonance imaging and related saliva production after treatment with true versus sham acupuncture in healthy volunteers. It should be emphasized that the effect on xerostomia was a secondary end point in our study and so should be interpreted cautiously, particularly because assessment was unblinded and measurement of objective saliva production was not performed.
In summary, significant reductions in pain, dysfunction, and xerostomia were observed in study patients receiving acupuncture versus usual care. Acupuncture treatment was well tolerated. Although further study is needed, these data support the potential role of acupuncture in addressing post-neck dissection pain and dysfunction, as well as xerostomia.
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